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DIRECT HEATER CONTROL FOR INFANT CARE APPARATUS 

Background 

The present invention relates to heater control system for a patient warming 
apparatus and. more particularly, to a system for controlling the heater used on an 
infant warmer. 

In the care of newborn infants, there are various types of apparatus that 
provide heat to an infant and such apparatus can include infant incubators, infant 
warmers and combinations of the two. In such apparatus, there is normally 
provided, an infant platform on which the infant is positioned so as to receive the 
care and that infant platfomi is a generally planar surface located so as to underlie 
the infant. 

With an infant incubator, there is normally a heater that is located In a 
compartment beneath the infant platform and that heater is generally an electrically 
powered heater that wamis air that is then circulated through an infant 
compartment that encloses the infant resting on the infant platform. An example of 
an infant incubator is shown and described in U.S. Patent 4.936.824 of Mackin et 
al. 

As to combination apparatus, the apparatus can function as an infant 
wanner or an infant incubator by the use of a vertically movable canopy supporting 
a radiant heater to provide radiant energy when the apparatus is functioning as an 
infant warmer as well as a convective heater system that is utilized when the 
apparatus is functioning as an incubator. Examples of such combination 
apparatus are shown and described in U.S. Patent 6.224.539 of Jones et al and 
U.S. Patent 6.083.020 of Jones et al. 
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In the case of an infant warmer, there is also normally a radiant heater that 
is positioned above the infant platform and which includes a resistance heater 
element that directs that radiant energy, in the infrared spectrum, toward the infant 
platform so as to provide heat to an infant lying on that infant platform. 

An infant warmer is shown and described in U.S. Patent No. 5.474.517 of 
Falk et al as prior art to that patent and a particular geometry of an infant heater is 
shown and described in U.S. Patent 6.245.010 of Jones et al. 

With such heaters, whether for radiant or convective systems, it is certainly 
desirable to have as accurate a control of the power to the heater as possible and. 
to the end, it would be advantageous to have a system that directly measured the 
power being applied to the heating element of a heater in an infant warming 
apparatus in order to accurately establish a desired power of the heater to direct a 
specific and accurate amount of heat to the infant. 

A heating control system is disclosed in U.S. Patent 6,271,506 where the 
current is determined along with the voltage, however, there is no direct 
determination of the power to the heater element since the line voltage is sensed 
and not the voltage across the heater element. The system of the '506 patent 
would not. therefore, provide a direct measurement of the power to the heater 
element and would suffer from the inaccuracies discussed herein with respect to 
Fig. 2 of this application. 

Accordingly it would be advantageous to have a radiant heater control 
system that directly measures the power applied to the heater element and then 
controls the power to heater based upon that measurement. 

Summary of the Invention 

Accordingly, the present invention relates to an infant warmer that utilizes a 
radiant heater having a resistance heater element that is accurately controlled by 
continually directly sensing the actual power that is applied to the heating element. 
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The following description will be set forth specifically referring to a radiant infant 
warmer, however, the present invention can also be used with other apparatus 
used to provide warmth to an infant, such as an infant incubator. 

With the invention, therefore, a measurement is made of the current through 
the heater element and a further measurement is made of the voltage across that 
heater element such that the measurement of voltage and current actually applied 
to the heater element enables a controller to directly determine the power applied 
to the heater element and then use that direct measurement of the heater power to 
control the power to a predetermined desired power. 

These and other features and advantages of the present invention will 
become more readily apparent during the following detailed description taken In 
conjunction with the drawings herein. 

Brief Description of the Drawings 

FIG. 1 of a perspective view of an infant warming apparatus that can 
employ the present invention; 

FIG 2 is block diagram of a heater control system commonly used in the 
prior art; and 

FIG. 3 is a block diagram of the heater control system used in accordance 
with the present invention. 

Detailed Description of the Invention 

Referring now to Fig. 1, there is shown a perspective view of an infant 
warmer 10 constructed in accordance with the present invention. As shown, the 
infant warmer 10 includes a frame 12 which provides a free standing unit for the 
infant warmer 10. The frame 12 is supported upon a cabinet 14 which, in tum, is 
mounted upon a base 16 having wheels 18 so that the infant warmer 10 is easily 
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movable. The cabinet 14 may also include one or more drawers 20 for containing 
items for attending to the infant. 

An infant platform 22 is mounted atop of the cabinet 14 and on which is 
located an infant bed 24 that underlies and supports an infant positioned thereon. 
Infant platform 22 is the main support for the infant bed 24. The infant bed 24 has 
a generally planar upper surface 26 with appropriate cushioning material for 
comfort of the infant and further may be sun-ounded by guards 28, generally of a 
clear plastic material that contain the Infant on the upper surface 26. Normally, the 
guards 28 are removable and/or releasable for complete access to the infant. 

Frame 12 includes pair of vertical stmts 30 and which vertical struts 30 may 
provide a means of support for other structural components. 

Mounted intermediate the vertical stmts 30 is a control module 32 that is 
conveniently positioned intermediate the vertical struts 30 and can include displays 
of various monitored parameters as well as include the various controls for 
operation of the functions of the infant warmer 10. In addition, there is an radiant 
heater 34 mounted to the vertical stmts 30 and which contains a heater element 36 
that is a resistance element that becomes heated by the electrical power to emit 
radiation in the Infrared spectmm that Is directed toward an infant lying on the 
infant bed 24 in order to provide warnith to the infant. 

Turning now to Fig. 2, taken along with Fig. 1, there Is shown a schematic 
view of a conventional control system for a radiant heater used in an Infant 
wanning apparatus and thus, to control the power to the heater element 36. 

In Fig. 2, therefore, there is a power source 38 that provides the line power 
to heater element 36 of the infant warmer 10. A voltmeter 40 measures the 
voltage across the electrical power supply to the heater element 36 and that 
voltage is communicated to a microcontroller 42 that, therefore, continuously 
monitors the voltage to the heater element 36 and, depending upon the variance of 
that supply voltage, controls a power transfer element 44 that detennines the duty 
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cycle that is, the on-times vs. the off-times of the heater element 36 so that the on- 
times are adjusted in accordance with the voltage changes across the heater 
element 36. 

As such the power to the heater element 36 is given by the equation: 

P = DxV^/R 

where P is the power. V is the applied mis voltage. R is the heater resistance and 
D is the applied duty cycle. Accordingly, in this conventional control system, the 
duty cycle D is adjusted to compensate for a change in V in an effort to maintain 
the power to the heater element at a constant value. 

The difficulty with that conventional system, however, is that the resistance 
R of the heater element 36 is not precisely known and varies from one infant 
warmer to another so that the same applied voltage does not necessarily result in 
the same power across the heater element of the various infant warming 
apparatus. In addition to that variance in resistance. R, the resistance across the 
heater element 36 also varies with temperature and typically, in an infant warming 
apparatus, that variance may be as much as 6 percent (6%) so that the 
relationship between duty cycle (or voltage) and power supplied to the heater 
element 36 is not necessarily linear. 

Turning now to Fig. 3. there is shown a schematic view of a control system 
for a radiant heater used in an infant warming apparatus and constructed in 
accordance with the present invention. As can be seen, the system includes an 
power source 38 that provides the electrical energy to power the heater element 36 
as in the Fig. 2 system. However in the Fig. 3 inventive system, there is a 
voltmeter 40 the directly measures the voltage across the resistance of the heater 
element 36 and an ammeter 46 that directly measures the current that passes 
through the heater element 36. Thus, with those two measurements of the direct 
voltage and current for the heater element 36. the microcontroller 42 can 
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accurately and directly compute the power delivered to the heater element 36 and 
control that power directly. 

In such case, the power delivered to the heater element 36 is given by the 
equation: 

Accordingly, by directly measuring the power delivered to the heater 
element, the heater power can be controlled directly, that is. the power can be 
exactly determined and there is no need to take into account the various voltage 
changes of the line supply or compensate for other factors that may affect the 
control of the heater element 36 and if the heater element is rated 400 watts, and 
the caregiver wants an output of 50%. or 200 watts, that power can be directly 
ascertained and set by the microcontroller 42 and established by the power 
transfer element 44 that adjusts the duty cycle to supply exactly 200 watts to the 
heater element 36. 

The user can. of course, having knowledge of the exact power delivered to 
the heater, determine the power that is desired to be delivered, for example. 150 
watts, and thus set that value and be assured that the power delivered is exactly 
150 watts despite changes in the resistance of the heater element or the different 
resistances of heater elements. 

Thus, by means of computing the power supplied to the heater by directly 
measuring the voltage across the load and the current through the load, the infant 
warmer can have a consistent output without regard to differences in the resistance 
of the heater elements of differing infant warmers and additionally, the system will 
automatically adjust for the changes in resistance of the heater element due to 
temperature changes of the heater element 36. 

As described, the system utilizes a rapid sampling system where the voltage 
across the heater element 36 and the current through the heating element 36 is 
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sampled several thousand times a second and a computation of the power 
supplied to the heater element 36 made each time by the microcontroller 42 in 
determining the power supplied to the heater element 36. The power computed is 
used to set the power to the heater element 36 by the power transfer element 44. 
In a similar manner, the system can be used with other means of controlling the 
power to the heater element 36, such as pulse width modulating the applied 
voltage within the principles of the present invention. 

Those skilled in the art will readily recognize numerous adaptations and 
modifications which can be made to the control system of the radiant heater of an 
infant warming apparatus of the present invention which will result in an improved 
control system, yet all of which will fall within the scope and spirit of the present 
invention as defined in the following claims. Accordingly, the invention is to be 
limited only by the following claims and their equivalents. 



